This item was submitted to Loughborough's Institutional Repository (https://dspace.lboro.ac.uk/) by the author and is made available under the following Creative Commons Licence conditions.
For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/
Background
On 17 February 2004 London introduced a pioneering congestion charging scheme.
Vehicles present in a 21 square kilometre zone enclosing the core shopping, government, entertainment and business districts between 7:00 and 18:30 were subjected to a £5 per day charge (£8 from July 2005), unless they were eligible for a residents discount or were exempted.
Exemptions were granted to environmentally friendly vehicles (battery powered or hybrid cars), motorcycles, disabled motorists (Blue Badge holders), taxis, buses and certain other categories deemed to be essential.
The impact on traffic was sudden and dramatic. According to Transport for London's own data (TfL, 2003) , traffic in the zone has been reduced by 16% (30% for cars; motorcycle, taxi, bus and cycle traffic has increased). This translates into a 32% reduction in congestion, measured in terms of delay per kilometre. Average traffic speeds have increased from 13 km/h to 17 km/h. TfL (2003) estimates that the number of car trips into the zone has fallen by 150,000 per day, of which 10% to 20% are displaced through trips, 50% to 70% have shifted to public transport, and 20% to 30% went elsewhere (used other modes, travelled at other times or chose alternative destinations).
The impact on activities within the charged zone is taking longer to become evident. An early survey by the London Chamber of Commerce and Industry of its members found that 76% of traders reported reduced takings year on year, of which more blamed the congestion charge (CC) than the Central Line (an important London Underground transit line that pass through the congestion charging area) closure, terrorist fear, economic downturn, or increasing competition from other sources (Winsor-Cundell, 2003) . London First (2004) gives a more positive assessment, although in a recent press release it observed that "there may be sectors, especially retail and leisure, where the impact of the charge may not have been wholly positive". Taking data up to June 2003 , Carmel (2003 studied retail sales in central London. He found that the onset of the decline in sales predated the introduction of the CC and suggested that the most significant reasons are a general economic downturn, a fall in overseas visitors and the closure of the Central Line (CL). Schmöcker et al. (2004) show that the number of shopping trips to central London has declined since 2003 and that this is at least partly due to the introduction of the CC scheme.
According to Whitehead (2000) , congestion charging is likely to have a positive impact on the retail sector of a city centre surrounded by charging cordon, but in the longterm only and primarily if money is reinvested in public transport and the improvement of the city centre environment. This study notes that it may take up to 20 years for the benefits to become fully visible. The research is based on a national survey in the U.K. of those within business, industry, government and academia who are thought to be very familiar with the process of economic change. Bonsall (2000) states that several cities have "commissioned studies to look at the possible impact of road pricing on their local economy". Nevertheless Bonsall continues to show that in the past decisions whether to introduce congestion charging or not have been mainly focused on other issues. Policy makers expect benefits such as increased public transport usage, reduced travel times in the congestion charging zone as well as a better environment within the zone. Quddus et al. (2006) examine the impact of the charge on the retail sector as a whole in central London 1 and the JL Oxford Street store in isolation. The results suggest that the charge had a significant impact on sales (down about 7% as a result of the charge) at the John Lewis store on Oxford Street over the period studied but had no effect on overall retail sales in central
London.
This paper revisits the question of the CC's impact on retail with a considerable quantity of retail sales data (both before and after the introduction of the CC) for the John Lewis (JL) stores inside and outside the charged zone. While Quddus et al. (2006) focused more on time-series analysis , this study applies panel data models to six JL branches in and around the charge zone. The paper also employs UK-based economic data (e.g., GDP, overseas visitors) in stead of
London-based data used in Quddus et al (2006) .
<<Figure 1 about here>>
With the exception of JL Bluewater (JLB) in which rapid growth of sales is observed over the last few years, all branches lie within the M25 motorway. As can be seen from Figure The paper is organized as follows. First we provide a brief descriptive analysis of the sales data for JLOS store. This is followed by a description of a Seasonal ARIMA (SARIMA) model to forecast sales for 2003 using sales data from 2000 to 2002. A brief description of the potential factors affecting retail activity is then presented. Econometric models, such as the loglinear model with autoregressive disturbance, AR(1), for time series data (individual stores) and a random effect loglinear model with AR(1) for panel data (all six stores) are then described, followed by a presentation of results. This is followed by conclusions.
Descriptive analysis of sales data
Although the aim of this study is to investigate the impact of the CC on the sales of the JLOS store, all six branches in and around London should be considered due to their geographical proximity (see Figure 1) . Sales data for all six branches was therefore analysed for the period of Examining the auto-correlation function (ACF) and the partial auto-correlation function (PACF) of a time series can help to identify the values of each of these parameters. 
Results for John Lewis Bluewater

The economy
Gross Domestic Product (GDP) provides a measure of the total economic activity in a region. Retail sales data, however, provides valuable information about consumer spending, the consumption part of GDP. The Office of the National Statistics, ONS (2003) 
The overseas visitors to the UK
Trend and seasonality
The two main sources of variation in many time series data are seasonal variation and trend.
Seasonal variation is annual in period and arises for many series, whether measured weekly, monthly or quarterly, when similar patterns of behaviour are observed at particular times of the year. For example, weekly sales at John Lewis Oxford Street store exhibit a seasonal variation (see Figure 2 ) since sales are usually high during the Christmas period. Trend is present in a time series when it exhibits either steady growth or decline, at least over several successive time periods (Chatfield, 1996) .
Econometric modelling of sales data
As stated earlier, there are six JL branches in and around London, with large variations in sales among the branches over the years. An econometric model for each of the branches may be suitable to determine the impact of the CC on sales. However, the JL branches within London are linked by geographical proximity (see Figure 1) , allowing some customers to change shop relatively easily. Therefore, a pooled model including sales data from all the London branches may be more appropriate. Two types of model are then considered in this study; one is a time series model for each branch and the other is a panel data model for all branches.
Econometric model form: time series model
In the case of time series models, the dependent variable is the weekly sales of a particular branch and the explanatory variables with summary statistics are shown in Table 1 .
Approximately four years of weekly sales data is used to analyse sales for each of the JL branches. Since the introduction of the CC and the closure of the CL are qualitative variables, dummy variables are used to determine their association with sales. η is independent and identically distributed with zero mean and variance 2 σ . β and θ are appropriately sized vectors of parameters to be estimated. 
Econometric model form: panel model
Results for JLOS: time series model
The problem of multicollinearity among explanatory variables is detected by Variance Inflation Factor (VIF) and tolerance test (Chattergiee et al., 2000) . It is found that GDP and the trend variable are highly correlated. The PE test by Mackinnon et al. (1983) suggests that the linear model is rejected (but only at an 86% confidence level) and the loglinear model is not rejected. The advantage of the loglinear model is the easy interpretation of the explanatory variables. Furthermore, the coefficients of the explanatory variables can be regarded as elasticities. Ramsey's RESET test (Ramsey, 1969 ) is used to test for regression specification error. The test suggests that we can reject the hypothesis that the loglinear model is misspecified.
Since JL weekly sales of a particular branch are a time series, heteroskedasticity is unlikely to be a feature. The Park Test (Park, 1966) confirms this.
<<Table 2 about here>>
Therefore, the association of the weekly sales and the explanatory variables is established using a loglinear model with an AR(1) disturbance. The result is presented in Table 2 (the constant has been omitted to preserve confidentiality of the sales data). The model goodness-offit, the adjusted 2 R , is 0.82 which is a very good fit. The interpretation of results is as follows:
The effect of the congestion charging
The effect of the CC is captured by a dummy variable. This variable is found to be negatively associated with the weekly sales of JLOS and is statistically significantly different from zero at the 95% confidence level. This is an indication that average weekly sales are 
The effect of the closure of the central line
The effect of the closure of the CL is also captured by a dummy variable, which is found to be statistically different from zero at the 95% confidence level. The average weekly sales during the closure of the CL is about 7% lower than during the non-closure period, if all other factors remain constant. However, the interaction effect of the closure of the CL and the CC could not be estimated as these two events overlapped significantly and are therefore highly correlated with each other.
Annual events
It is found that various annual events, such as Easter, the July clearance sales, Christmas and the Christmas sales, affect retail activity as expected. These factors are statistically significant in the model at the 95% confidence level with the expected signs.
Effect of seasons and trend
The method of dummy variables is used to remove the seasonal component from the time 
All other factors
As mentioned earlier, GDP is not included in the model since it is highly correlated with the trend. Instead, an exchange rate (£/$) is included and found to be statistically insignificant. The number of overseas visitors to the UK is also included in the model and found to be statistically insignificant. This is not surprising as JLOS has very few customers who are tourists from overseas. Further, the consumer price index (CPI) for furniture and household items was included and also found to be statistically insignificant.
Results for all other branches: time series model
It is found that a loglinear model with an AR(1) disturbance is also appropriate for modeling weekly sales of other JL branches. However, the linear regression model is not rejected in case of JLB and JL Brent Cross. The loglinear model is chosen for consistency. The results are also shown in Table 2 (the constants have been omitted to preserve confidentiality).
The effect of the CC on the weekly sales of JLB is found to be statistically significant with a positive sign, suggesting that the CC is associated with a 6.7% increase in weekly sales at JLB holding all other factors included in the model constant. The coefficient of the trend variable for JLB is very high compared to other branches, indicating that weekly sales at this store are increasing more rapidly compared to other stores. The exchange rate is found to be significantly different from zero for the JLB store, suggesting that if the UK Pound (£) became stronger against US Dollar ($) then weekly sales would increase. The CPI is also found to be statistically significant and to have a positive association with the weekly sales. The seasonal effect for JLB is found to be the same as for JLOS.
The effect of the CC on other branches is statistically insignificant. The association of all other variables with the weekly sales is found to be the same as for JLOS, except for the 'Easter' effect, which is found to be statistically insignificant for the other stores.
Results: panel model
A random effects loglinear model with an AR(1) disturbance is used to analysis the weekly sales of all JL branches in and around London. Several models are estimated in order to test for the trend in weekly sales of JLB. The results are presented in Table 3 (the constants have been omitted to preserve confidentiality of the sales data). The overall 2 R is found to be 0.95, which is very satisfactory in terms of model goodness-of-fit.
<<Table 3 about here>>
Effect of trend
A trend variable is included as a categorical dummy for years (2000, 2001, 2002 and 2003) .
Model A presumes an identical trend across the branches. Model B assumes a general trend across the branches as well as a separate trend for JLB. However, one trend variable (yr2003*Bluewater) for Bluewater is highly correlated with the dummy variable for the effect of the CC (CC_Bluewater). Therefore, model C is estimated excluding the effect of the CC on JLB.
Effect of the congestion charging and the closure of the central line
It can be seen that the effect of the CC on JLB in Model A is highly statistically significant with a coefficient of 0.111. This is especially high when compared to the JLB model presented in Table 2 . However, this variable becomes insignificant in both model B and model C when a separate trend is assumed for JLB. It can also be seen that other variables included in the model are of the same order of magnitude and signs across models A, B and C. It is also noticeable that the values of the coefficients of the trend variables for JLB are generally somewhat higher when compared to the coefficients of the trend variables for all other branches. This suggests that the trend variable 'yr2003*Bluewater' in Model C is captured by the effect of the CC on Bluewater as estimated in Model A.
The rest of the results are interpreted based on Model C in which there is no problem of multicollinearity. The effect of the CC on JLOS is found to be statistically significant with a negative sign. This is consistent with the JLOS model presented in Table 2 . The value of the coefficient is now -0.086 meaning that the expected weekly sales of JLOS fall by 8.2% following the introduction of the CC holding all other factors included in the model constant.
The dummy variable representing the effect of the closure of the CL on the weekly sales of JLOS is also found to be significantly different from zero at the 95% confidence interval. This is consistent with the results presented in Table 2 . However, the coefficient value is now -0.108 which means that the average weekly sales during the closure of the CL are about 10.2% lower than during the non-closure period if all other factors remain constant.
The CC does not appear to have any effects on the weekly sales of JL Kingston and JL Brent
Cross. This is also consistent with the findings in Table 2 .
Variation of weekly sales across branches
The location of the JL branches is found to be associated with the weekly sales as expected.
This is examined by a categorical variable, spatial variation, relative to JL Watford. JLOS shows the highest coefficient value followed by JL Brent Cross, JLB and JL Kingston.
Annual and seasonal variation
All annual events are found to be statistically significant at the 95% confidence level. The 'July Clearance sales' variables is found to be the most effective followed by 'Christmas sales' and then 'Easter sales'. This is consistent with the results presented in Table 2 .
Conclusions
The aim of the sales data analysis was to investigate whether the introduction of the CC on the 17 th February 2003 in Central London had a significant impact on sales at the JLOS store.
Descriptive analysis, forecasting methods and econometric models were used to estimate the impact of the CC. 
